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Objective: The Vascular Quality Initiative (VQI) and National Surgical Quality Improvement Program (NSQIP) have
emerged as the primary vascular surgery quality measurement tools with the purpose of evaluating perioperative outcomes
and assessing hospital and physician quality. VQI uses self-reporting to capture all index vascular procedures during the
inpatient period. NSQIP employs nurse abstractors to capture a sample of procedures and covers 30-day events. We
hypothesize that patients undergoing lower extremity bypass (LEB) will exhibit high concordance for preoperative
variables and low concordance for postoperative variables between these data sets.
Methods: All patients undergoing LEB for peripheral arterial disease at the University of Massachusetts captured in both
VQI and NSQIP databases were reviewed (2007-2012). Concordance between categorical variables was assessed by k
correlation coefﬁcient. All postoperative variables were compared during equivalent inpatient stay. Events between
discharge and 30 days postoperatively were tabulated with use of the NSQIP data set.
Results: We identiﬁed 240 patients undergoing LEB captured in both VQI and NSQIP. Comparison of this identical
patient cohort between VQI and NSQIP revealed a moderate to strong agreement for most preoperative variables except
for congestive heart failure (k [ 0.14) and hypertension (k [ 0.35), which showed poor agreement. Concordance for
inpatient postoperative variables was high for mortality (k[ 1.0) and myocardial infarction (k[ 0.86) but moderate for
pulmonary complications (k[ 0.57) and poor for unplanned return to the operating room (k[ 0.41), wound infection
(k [ L0.01), and change in renal function (k [ L0.01). A majority of postoperative events (71%) occurred between
discharge and 30 days postoperatively, with a signiﬁcantly higher incidence of wound infections in the outpatient setting
(4.2% vs 95.8%; P < .0001).
Conclusions: VQI and NSQIP demonstrate substantial concordance for most preoperative variables and poor concordance
for most postoperative variables, even at identical collection periods. This discordance is a result of differences in data
collection methods and variable deﬁnitions. On the basis of these ﬁndings, VQI and NSQIP data sets cannot be used to
directly compare risk-adjusted patient outcomes between institutions. (J Vasc Surg 2014;60:152-9.)The U.S. health care landscape continues to shift as the
medical community braces itself for the application of the
Patient Protection and Affordable Care Act (ACA) of
2010 and subsequent potential changes in the Medicare
reimbursement program.1 The proposed penalties and
net effect of the ACA reduction programs for hospital read-
missions and hospital-acquired conditions remain uncer-
tain, but with the proposed inclusion of “vascular
conditions” in ﬁscal year 2015, the effect on physiciansthe Division of Vascular and Endovascular Surgery, University of
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://dx.doi.org/10.1016/j.jvs.2014.01.046performing vascular surgery procedures could be signiﬁ-
cant.2,3 Accurate and detailed reporting of patient demo-
graphics, comorbidities, procedural details, and outcomes
will be crucial to avoid unintended penalties and reductions
in Medicare reimbursement.4
Risk adjustment based on speciﬁc patient factors is not
novel to outcomes reporting in vascular surgery, especially
in the area of lower extremity revascularization for periph-
eral arterial disease.5,6 Multiple large studies leveraging
data collected from multiple centers have attempted to
derive and to validate risk-adjusted prediction models to
predict postoperative outcomes.5-9 Whereas these studies
have provided prediction models for long-term outcomes
including amputation-free survival and mortality, these ef-
forts have not addressed immediate perioperative out-
comes. Databases have only recently been employed to
measure perioperative surgical quality and will continue
to play an increasingly important role.10
In the United States, two independently maintained
quality improvement databases have emerged as the pri-
mary vascular surgery quality measurement tools with
the purpose of evaluating perioperative outcomes and
assessing hospital and physician quality. These two data-
bases are the Vascular Quality Initiative (VQI) and the
American College of Surgeons National Surgical Quality
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and validation of risk prediction models have been per-
formed separately in both VQI and NSQIP, a compari-
son of the variables and outcomes as captured and
reported in each database has not been performed to
date.9,10 This could have a dramatic impact on results ob-
tained across institutions and the ability to benchmark
postoperative outcomes if different data sets are used
for comparison.
The purpose of this study was to compare the capture
of clinical data for an identical patient cohort undergoing
lower extremity bypass (LEB) and to quantify the concor-
dance for preoperative and postoperative variables, as
recorded by each independent database. Preoperative vari-
ables were obtained on the basis of chart reviews and exist-
ing medical records, which tend to be more robust in
established patients with multiple clinical visits. This is in
stark contrast to postoperative events, where such an
episode must be new and occur within a given postopera-
tive time frame, lending itself to potential collection bias
and all the challenges that are associated with postoperative
data collection. We therefore hypothesized that preopera-
tive variables will be highly concordant between databases
and that postoperative variables will be discordant between
databases.
METHODS
Study design. This study was a retrospective compar-
ison of preoperative and postoperative variables as
recorded by the VQI and NSQIP databases in patients
who underwent an infrainguinal LEB at the University of
Massachusetts Medical Center. All patients who under-
went an infrainguinal LEB between 2007 and 2012 and
who were captured by both VQI and NSQIP databases
were included in the analysis. All patients were matched
across the two databases by the unique medical record
number, date, and type of procedure to ensure that the
same individual patient’s data were compared in the two
databases. Any patient not matched by each of these mea-
sures was excluded from the study. Multiple bypass proce-
dures on a single patient were counted separately if the
second procedure did not include any portion of the pre-
vious bypass.
Concordance between preoperative and postoperative
variables between the two databases was assessed. To
ensure that all comparisons were based on a uniform
data collection time frame, postoperative events were
compared between VQI and NSQIP for the inpatient
period only. As a secondary subset analysis for patients in
the NSQIP data set, we compared the proportion of post-
operative events that occurred during the inpatient period
to those that occurred in the period after discharge
through 30 days after surgery. The University of Massa-
chusetts Medical Center Institutional Review Board
approved this study protocol.
Databases. The VQI is a national cooperative quality
improvement initiative incorporating both academic and
community hospitals designed to evaluate processes ofcare and outcomes in vascular surgery.11 All data are
self-reported at each participating institution by physicians,
nurses, or clinical personnel with use of standardized deﬁ-
nitions. Patient demographics, comorbidities, and intra-
operative and postoperative information are collected for
the inpatient period from the index case. Additional data
collected at 1 year after the procedure are included. VQI
has 100% capture for 11 major vascular surgery procedures.
Aggregate data collection is used to generate benchmark
reports to assess quality of care with outcomes data; the
VQI program currently includes 242 participating centers.
NSQIP is a national database developed by the Amer-
ican College of Surgeons to collect preoperative through
30-day postoperative data. Surgical cases are sampled on
the basis of institution program options with a minimal
requirement of cases analyzed annually. The essential pro-
gram, as selected for this study, involved cases selected
every 8 days to ensure appropriate sampling.12 Data are
collected on the basis of chart reviews by surgical clinical
reviewers trained by the American College of Surgeons.
Surgical clinical reviewers are responsible for collecting pa-
tient information at each institution based on preset stan-
dardized deﬁnitions with routine audits performed to
ensure accurate collection. Risk-adjusted information is
provided to all participating hospitals to help benchmark
complication rates and surgical outcomes.
Variables. Preoperative demographic and clinical vari-
ables included gender, race, ethnicity, presence of diabetes,
current smoking, hypertension, congestive heart failure
(CHF), dialysis dependence, chronic obstructive pulmo-
nary disease (COPD), and American Society of Anesthesi-
ologists (ASA) physical status classiﬁcation.
Postoperative outcomes included mortality, myocardial
infarction (MI), change in renal function, pulmonary com-
plications (pneumonia and unplanned reintubation), return
to the operating room, and wound infection (Appendix,
online only).
Deﬁnitions. Most variables were deﬁned similarly be-
tween the two databases. There were no differences in the
deﬁnitions of sex, race, ethnicity, and dialysis dependence
between data sets. Similarly, in both data sets, the variable
diabetes was stratiﬁed as nondiabetic, noneinsulin-depen-
dent diabetes, or insulin-dependent diabetes; the variable
smoking was deﬁned as nonsmoker (no tobacco use within
the prior 12 months) and current smoker (tobacco use
within the previous 12 months). All patients with a diag-
nosis of COPD, CHF, and hypertension were considered
positive for the disease if it was documented in either data
set regardless of severity. The ASA score was included on
the basis of criteria determined by the ASA for preoperative
risk assessment as recorded in either data set (see Appendix,
online only, for full deﬁnition).
For any variables with different deﬁnitions between
VQI and NSQIP, a single standardized deﬁnition was
created to allow a fair comparison across the two databases.
For example, VQI captures four different levels of CHF,
whereas NSQIP has a yes or no answer based on a single
inclusion deﬁnition. In this case, all levels of CHF from
Table I. Comparison of preoperative variables in National Surgical Quality Improvement Program (NSQIP) and
Vascular Quality Initiative (VQI) data sets for infrainguinal bypass (total N ¼ 240)
Variable
NSQIP VQI k statistic
No. % No. % k coefﬁcient P value
Gender
Male 157 65.4 159 66.3 0.96 <.0001
Female 83 34.6 81 33.8
Ethnicity
Hispanic or Latino 10 4.3 7 3.0 0.82 <.0001
Non-Hispanic or Latino 225 95.7 228 97.0
Race
White 219 91.6 228 95.4 0.55 <.0001
Nonwhite 20 8.4 11 4.6
Diabetes mellitus
No 135 56.3 125 52.1 0.74 <.0001
Oral medication/noninsulin 39 16.3 57 23.8
Insulin 66 27.5 58 24.2
Smoking
Yes 78 32.5 86 35.8 0.69 <.0001
No 162 67.5 154 64.2
CHF
Yes 4 1.7 32 13.3 0.14 .0003
No 236 98.3 208 86.7
COPD
Yes 35 14.6 33 13.8 0.49 <.0001
No 205 85.4 207 86.3
Hypertension
Yes 204 85.0 197 82.1 0.35 <.0001
No 36 15.0 43 17.9
Dialysis
Yes 6 2.5 7 2.9 0.76 <.0001
No 234 97.5 233 97.1
ASA class
1 0 0.0 0 0.0 0.58 <.0001
2 15 7.3 25 12.1
3 177 85.9 170 82.5
4 14 6.8 11 5.3
5 0 0.0 0 0.0
ASA, American Society of Anesthesiologists; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease.
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variable as recorded by NSQIP (see Appendix, online only,
for full deﬁnitions).
Postoperative variables were considered categorical
yes/no variables and not further stratiﬁed according to
the severity of the condition. All variables were docu-
mented according to the exact way in which they were
recorded in the data set.
Statistical analysis. Concordance between all categor-
ical variables collected in VQI and NSQIP was assessed by
the k correlation coefﬁcient. The k correlation coefﬁcient
measures inter-rater agreement or inter-annotator agree-
ment for categorical items.13 A high k (>0.75) indicates
strong agreement, and a low k (#0.40) indicates poora
k correlation coefﬁcient:
k # 0 Less than chance agreement
k ¼ 0.01-0.20 Slight agreement
k ¼ 0.21-0.40 Fair agreement
k ¼ 0.41-0.60 Moderate agreement
k ¼ 0.61-0.80 Substantial agreement
k ¼ 0.81-0.99 Almost perfect agreementagreement.a The Spearman rank correlation coefﬁcient, r,
was used to assess agreement between all ordinal variables.
Spearman rank correlation coefﬁcient measures correlation
between ranked variables. Higher Spearman rank correlation
coefﬁcient indicates higher correlation between ranked var-
iables. A P value < .05 was considered statistically signiﬁ-
cant. All analyses were conducted with SAS 9.3 (Cary, NC)
and STATA 12.1 (College Station, Tex).
RESULTS
VQI identiﬁed 564 LEB patients, of whom 324 were
excluded because they were not captured by NSQIP.
NSQIP identiﬁed 299 patients; 54 of these patients were
excluded because they were not also present in VQI. Over-
all, 240 patients found in both the VQI and NSQIP data
sets were analyzed.
Comparison of preoperative variables between VQI
and NSQIP. Preoperative characteristics of patients un-
dergoing infrainguinal LEB were compared between the
VQI and NSQIP data sets (Table I). Patient gender (k ¼
0.96) and ethnicity (k ¼ 0.82) were in almost perfect
Fig 1. Length of postoperative hospital stay in National Surgical
Quality Improvement Program (NSQIP) and Vascular Quality
Initiative (VQI).
Table II. Comparison of inpatient postoperative events
in National Surgical Quality Improvement Program
(NSQIP) and Vascular Quality Initiative (VQI) data sets
for infrainguinal bypass (total N ¼ 240)
Variable
NSQIP VQI k statistic
No. % No. % k coefﬁcient P value
Mortality
Yes 3 1.3 3 1.3 1.00 <.0001
No 237 98.8 237 98.8
MI
Yes 3 1.3 4 1.7 0.86 <.0001
No 237 98.8 236 98.3
Pneumonia
Yes 4 1.7 3 1.3 0.57 <.0001
No 236 98.3 237 98.8
Change in renal
function
Yes 1 0.4 5 2.1 0.01 .88
No 239 99.6 235 97.9
Return to OR
Yes 8 3.3 6 2.5 0.41 <.0001
No 232 96.7 234 97.5
Wound infection
Yes 1 0.4 4 1.7 0.01 .90
No 239 99.6 236 98.3
MI, Myocardial infarction; OR, operating room.
Table III. Comparison of inpatient and 30-day
postoperative event rates in National Surgical Quality
Improvement Program (NSQIP) data set (N ¼ 240)
Event
Inpatient,
No. (%) 30-day postoperative,a No. (%)
Mortality 3 (75) 1 (25)
MI 3 (50) 3 (50)
Pneumonia 1 (33.3) 2 (66.7)
Return to OR 8 (40) 12 (60)
Change in renal
function
1 (50) 1 (50)
Wound
infection
1 (4.2) 23 (95.8)
Total 17 (29) 42 (71)
MI, Myocardial infarction; OR, operating room.
aThe 30-day postoperative event does not include any event occurring
during the inpatient period.
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agreement.
VQI and NSQIP had substantial concordance on the
prevalence of diabetes (k ¼ 0.74), current smoking (k ¼
0.69), and hemodialysis (k ¼ 0.76). There was moderate
concordance for ASA classiﬁcation (k ¼ 0.59) and presence
of COPD (k ¼ 0.48). Hypertension showed only fair
concordance between data sets (k ¼ 0.35). There was poor
concordance for the presence of CHF (k ¼ 0.14), with
VQI recording 32 patients with preoperative CHF and
NSQIP recording only four patients. Hypertension, howev-
er, had a similar amount of patients diagnosed with the dis-
ease in both data sets (204 in NSQIP and 197 in VQI),
but the number of identical patients or overlap in each group
was low as assessed by the concordance (ie, although the
numbers were similar, they did not capture the same pa-
tients). Overall, VQI recorded higher rates of current smok-
ing (86% vs 78%) and CHF (13% vs 4%), but NSQIP
recorded higher rates of hypertension (85% vs 82%) and dia-
betes (56% vs 53%). Incidence of hypertension andCHFhad
the poorest concordance between data sets.
Comparison of postoperative variables between
VQI and NSQIP. The mortality and MI rate exhibited
almost perfect concordance between data sets (mortality,
k ¼ 1. 00; MI, k ¼ 0.86) (Table II). Incidence of pul-
monary complications and return to the operating room
had moderate agreement (k¼ 0.57 and 0.41). However,
there was poor concordance for wound infection and
change in renal function between VQI and NSQIP
(k ¼ 0.01). VQI identiﬁed more patients with wound
infections (four patients vs one patient) and more patientswith changes in renal function (ﬁve patients vs one patient)
than did NSQIP during the inpatient period.
The median length of stay was 3.0 days (interquartile
range, 2-4) in both VQI and NSQIP data sets (Fig 1);
Spearman correlation coefﬁcient was 0.97 (P < .0001).
Comparison of NSQIP inpatient and 30-day post-
operative event rate. Comparison of inpatient events and
30-day postoperative events as reported in the NSQIP
data set is shown in Table III. Overall, a total of 59
postoperative events were reported in the NSQIP data set.
Whereas 17 (29%) of these events occurred during the
inpatient period, 42 (71%) occurred after discharge but
within 30 days of the procedure. Speciﬁcally, broken down
by outcome, three of the four reported deaths (75%)
occurred during the inpatient period. Six total occurrences
of MI were reported, with an even distribution between
the inpatient period (three patients) and the 30-day
postoperative period (three patients). Twenty patients
required a return visit to the operating room, with a
majority (60%) experiencing this during the 30-day
Fig 2. All postoperative events as recorded by National Surgical Quality Improvement Program (NSQIP) and
Vascular Quality Initiative (VQI) in original data set, with stratiﬁcation for inpatient and 30-day postoperative events in
NSQIP.
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tient setting and the other in the 30-day postoperative
period, had a change in renal function. Three cases of
pulmonary complication were reported, with only one case
occurring during the inpatient period. Last, there were 24
reported cases of wound infection. A signiﬁcant majority
of these cases (95.8%; P < .0001) occurred after discharge
from the hospital but within 30 days of the surgical pro-
cedure. Wound infections also constituted a majority of
the 30-day events (54.8%). However, even with the
removal of wound infections from the outcomes, 30-day
events would still compose a majority (53.8%) of all
postoperative events (Fig 2).DISCUSSION
Our study comparing an identical patient cohort as
recorded by two clinical surgical databases, VQI and
NSQIP, is the ﬁrst study of this kind. Despite the use of
an identical patient population, the concordance for several
preoperative variables and a majority of postoperative vari-
ables was fair to poor between these clinical data sets. This
ﬁnding is signiﬁcant because the collection of accurate pa-
tient information for risk adjustment and outcomes is
crucial for benchmarking purposes as well as for calculation
of equitable reimbursements and avoidance of inappro-
priate penalties.
The ACA has set into motion reimbursement guide-
lines set to take effect shortly. In ﬁscal year 2013, failure
to provide data on speciﬁed quality indicators could
result in a 2% reduction in Medicare payments to hospi-
tals.2 The Medicare inpatient prospective payment system
will levy additional penalties for risk-adjusted readmissionrates greater than the national average, asserting a 1%
penalty cap in ﬁscal year 2013 and a 2% cap in ﬁscal
year 2014. Along the same lines, the ACA hospital-
acquired conditions reduction program can also assert a
1% penalty as an incentive to reduce hospital-acquired
conditions.2,3 Under these guidelines, risk adjustment
for patient risk factors including comorbidities and out-
comes would be used to avoid unfair penalization for
hospitals caring for a sicker patient population. These
guidelines and penalties are currently instituted for three
conditions, MI, CHF, and pneumonia. However, begin-
ning in ﬁscal year 2015, the Medicare Payment Advisory
Commission has recommended the addition of four addi-
tional conditions, including vascular conditions.3 These
changes all indicate that accurate data collection of
patient demographics and outcomes, to best provide
risk-adjusted aggregate data for benchmarking between
institutions, is critical.
Comorbidities are important in the decision-making
process for patients, yet the concordance for CHF and
hypertension was poor and fair, respectively; concordance
was the lowest for CHF (k ¼ 0.13) among all preoperative
variables. This is most likely due to differences in deﬁni-
tions between the two data sets. The guidelines for report-
ing CHF in NSQIP are stringent and time dependent,
requiring a patient to be newly diagnosed with CHF or
to have developed new signs and symptoms within the
30 days before intervention (Appendix, online only).
VQI, on the other hand, relies on patient history and
then further stratiﬁes the level of disease severity, with
asymptomatic disease still considered positive for CHF.
Not only did this difference result in poor concordance,
but VQI reported an eightfold increase in disease burden
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icant effects on risk-adjustment methodology and health
care policy changes affecting reimbursement. Jencks
et al14 noted that vascular surgery patients had the
second highest readmission rate behind CHF patients.
Furthermore, as CHF was the third most common cause
of those readmissions after a vascular intervention, under-
reporting and failure to recognize this comorbidity could
potentially underestimate the expected number of read-
missions and similarly underestimate the expected compli-
cation rate. Gupta et al10 failed to identify CHF as a risk
factor for 30-day mortality after infrainguinal bypass using
NSQIP data; this may be attributable to the deﬁnition
used. The CHF rate of 1.9% in Gupta’s study was consis-
tent with our ﬁndings of 1.7% for the NSQIP cohort, but
his ﬁnding was much lower compared with that of VQI.
McPhee et al8 speciﬁcally reviewed hospital readmission
and found that CHF signiﬁcantly increased the risk of
readmission after an infrainguinal bypass procedure. Inter-
estingly, the CHF incidence was 17% in this study, more
consistent with our VQI rate of 13.3%. Although clearly
assessing different outcomes, these two studies highlight
the variability in deﬁning and capturing a key common pa-
tient covariate such as CHF.
The discordance in postoperative events may be
attributed to both deﬁnition and collection methods.
Mortality had a perfect concordance, as would be ex-
pected given the difﬁculty in misinterpreting the deﬁni-
tion. MI also revealed good concordance, probably
attributable to similar deﬁnitions between VQI and
NSQIP; both databases use a deﬁnition that incorpo-
rates enzyme levels, electrocardiographic changes, or
clinical diagnosis. Pulmonary complications, which
included pneumonia and unplanned reintubation, had
moderate concordance between data sets. This, like
mortality and MI, was probably also due to similar def-
initions and strict inclusion criteria. Reintubation, like
mortality, is a hard end point, leaving little to subjective
interpretation. Pneumonia required both a radiologic
and a clinical or pathologic ﬁnding, creating stricter in-
clusion criteria, contributing to the moderate concor-
dance observed.
The discordance between postoperative variables be-
comes more pronounced as the deﬁnition relies more
heavily on subjective interpretation and the deﬁnitions
become more dissimilar. Return to the operating room
showed a moderate to poor concordance between VQI
and NSQIP. Both data sets included only unplanned re-
turn to the operating room. In review of the deﬁnitions,
NSQIP appears to allow more abstractor interpretation
than does VQI. According to NSQIP, after answering
yes to unplanned trip to the operating room within
30 days, the follow-up question asks if the return trip
was “possibly related to the principal operative procedure
or concurrent procedure.” This leaves the clinical nurse
abstractor, although well trained, responsible for making
this decision, creating a potential source of interpretation
bias. VQI, on the contrary, speciﬁcally asks for the reasonbehind the reintervention, thereby eliminating much of
this bias. The true incidence of whether a return trip
was planned or unplanned is still left to the discretion
of the clinician completing the questionnaire, introducing
potential for bias. Wound infections and change in renal
function showed complete discordance, k ¼ 0.01.
Wound infection has a strict deﬁnition in NSQIP along
with multiple categories (wound disruption, superﬁcial,
deep, and organ/space infection), whereas VQI com-
bines all wound infections into a yes or no dichotomous
answer. According to NSQIP, several ﬁndings would
constitute a wound infection, including diagnosis by the
surgeon or attending physician and positive wound cul-
tures. However, VQI also includes the addition of an
antibiotic regimen in the setting of a possible wound
infection as an inclusion criterion; this is not required
in NSQIP. Overall, NSQIP allows inclusion based on a
series of descriptions, inviting more abstractor interpreta-
tion, whereas VQI requires either a positive culture or
administration of antibiotics in the setting of physician-
diagnosed wound infection. Change in renal function
has different numerical values between VQI and NSQIP.
NSQIP requires an increase of >2 mg/dL above base-
line, whereas VQI denotes change in renal function as
an increase of >0.5 above baseline (before 2010, change
in renal function was a yes/no answer without preset
values). These differences in values accounted for the
discordance in change in renal function between NSQIP
and VQI.
Discordance between clinical data sets and administra-
tive data has been previously reported, as has comparison
of national administrative data sets to multi-institutional
registries.15-17 In reviewing the Nationwide Inpatient
Sample, the largest inpatient database publicly available,
Hertzer16 found potential underreporting of preproce-
dural symptoms as well as variability in coding for compli-
cations and comorbidities for patients undergoing carotid
endarterectomy or stent procedures compared with other
large trials. As previously stated, NSQIP data are collected
by surgical clinical reviewers and are routinely audited;
inter-rater reliability of NSQIP data shows a disagreement
rate of only 1.56% between abstractors.18 That being said,
the correlation between NSQIP data and physician chart
review has proved to be less robust. Bensely et al17
compared NSQIP data with administrative data and found
fewer physiologic high-risk patients in the NSQIP data set
undergoing carotid intervention than in the physician
chart review, which they also attributed to differences in
deﬁnitions. Despite attempts at validation of each data
set as well as comparison to physician chart reviews and
administrative data, a direct comparison between NSQIP
and VQI has not previously been undertaken. This study
provides the ﬁrst comparison of two data sets on an iden-
tical patient population.
The capture of postoperative events has been shown to
increase with longer follow-up.19-21 Slightly more than two
thirds of all postoperative events in the NSQIP data set
occurred in the 30-day postoperative period after discharge
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tions were wound infections, with a signiﬁcant proportion
(94%) occurring after discharge. This is consistent with pre-
vious studies evaluating outcomes in both general surgery
and vascular surgery. Sidawy et al19 reported that 31% of
all complications for carotid artery stent procedures
occurred within the 30-day period after hospital discharge.
This suggests that recording of inpatient complication rates
alone fails to capture a signiﬁcant number of relevant events.
Fokkema et al20 demonstrated similar ﬁndings when evalu-
ating carotid endarterectomy patients in the NSQIP data
set, with 38% of events occurring after hospital discharge
but within 30 days of the initial procedure. These ﬁnding
are not limited to vascular surgery alone. A recent presenta-
tion looking at multiple surgical specialties found that 32%
of all complications occurred within 30 days of surgery
but after discharge from the inpatient setting.21 Surgical in-
fections were responsible for more than 50% of all these
complications, a ﬁnding consistent with our study. Overall,
longer follow-up periods, especially up to 30 days, will
signiﬁcantly increase the postoperative event capture rate.
VQI and NSQIP both collect valuable information,
including patient comorbidities and perioperative out-
comes used to risk stratify and benchmark outcomes,
but neither assesses socioeconomic status. The current
models being used for perioperative data are comprehen-
sive but remain incomplete. Durham et al22 found that
socioeconomic status played a signiﬁcant role in
advanced presentation, cost per day of patency, and infe-
rior limb salvage, yet most outcomes data sets fail to
recognize or record this piece of information. Socioeco-
nomic status remains underreported and may have an
equal contribution in determining patients at high risk
for postoperative events as well as readmissions. A recent
attempt at creating a conceptual model for preventing
readmissions highlighted the need to look beyond
the standard patient demographic information and
included social, economic, and patient education factors,
something that is currently lacking in both of these
data sets.23
There are several limitations inherent to our study
design. The event rates for the outcomes we compared
were relatively small and therefore easily inﬂuenced by mi-
nor differences. Also, a formal internal validation was not
performed to conﬁrm the results obtained by VQI or
NSQIP. Although that was not the premise of the study,
it may have provided greater detail to explain the poor
concordance seen with some variables. We did not use
missing variable imputation methods for this study as we
thought it was important to note which values were not
recorded in each data set. The rate of missing variables
was quite low but nonetheless present and may have
affected the concordance for certain variables. Finally, our
entire study cohort was composed of patients from a single
institution. It is possible that some of the differences related
to variable collection may be attributable to institution-
speciﬁc collection methods or biases, thereby limiting the
generalizability of our ﬁndings.CONCLUSIONS
VQI and NSQIP are two valuable data sets that will
continue to play important roles in quality improvement.
On the basis of their different collection methods, deﬁni-
tions, and data collection time frames, hospitals and sur-
geons should be aware that the two data sets cannot be
used to directly compare risk-adjusted patient outcomes.
The ability to consistently collect preoperative variables
and surgical outcomes will play an important role in risk
stratiﬁcation, quality improvement, public reporting, and
health care reimbursement. Compared with collecting
inpatient data alone, a collection period that includes 30-
day postoperative follow-up will capture a signiﬁcantly
greater number of clinically relevant events.AUTHOR CONTRIBUTIONS
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at www.jvascsurg.org.INVITED COMMENTARYEric D. Endean, MD, Lexington, KyThe authors are to be commended for a timely and unique study
that compares theVascularQuality Initiative (VQI) andNational Sur-
gicalQuality ImprovementProgram(NSQIP)data sets in an identical
patient cohort. It is widely accepted that risk adjustment is essential
when reporting outcomes and assumed that the database used for
this assessment accurately reﬂects patient co-morbidities and out-
comes. The results of this study therefore are remarkable in that vari-
ables that are seemingly “black and white,” such as sex, ethnicity,
prevalence of diabetes, or variables that should be extracted from
the chart as a “number” (eg, American Society of Anesthesiologists
class) showed more variability than might be expected. It is also dis-
turbing that there is a lack of concordance in patient outcomes such
as wound infection or change in renal function. Such discordance be-
comes concerning when patient outcomes are used as a factor for
determining reimbursement, ﬁnancial penalties, and/or rating the
practitioner. It is feasible that a provider’s outcomes could be in the
acceptable range as monitored by one methodology yet be penalized
by a payor using another methodology.
The current study compared two databases, but many others
are also being used such as data for the University HealthConsortium, Society for Thoracic Surgery, disease-speciﬁc data-
bases, and specialty-speciﬁc databases. Each database has inherent
differences that are based on who collects or reports the informa-
tion; the completeness of the medical record; deﬁnitions used for
patient conditions, complications, or outcomes; the time frame
for collection of data; and its intended purpose such as hospital
related information, physician outcome, or disease-speciﬁc infor-
mation. The authors have identiﬁed many of these issues as
contributing to discordance between datasets. Because of associ-
ated costs, the number of programs in which institutions and
practices participate will be limited. This naturally leads to ques-
tions regarding which database is more accurate or which data-
base should be used to measure performance, speciﬁcally as it
relates to payment. Studies such as this must be undertaken to
address these questions. Physician and specialty society input is
essential to guide the development and rational use of database
information. It is also imperative that physicians understand the
methodology and deﬁnitions that are used in any program that
measures patient outcomes. The authors are to be commended
for this study, and I look forward to future work by this group.
Appendix (online only). Deﬁnition of preoperative and postoperative variables as deﬁned in National Surgical Quality
Improvement Program (NSQIP), Vascular Quality Initiative (VQI), and combined analysis
NSQIP VQI
Deﬁnition used for
NSQIP and VQI variables
Preoperative
variables
Gender Deﬁned as either male or female Deﬁned as either male or female No changes or consolidation made.
Yes or no as recorded by each
data set.
Ethnicity Deﬁned as Hispanic or non-
Hispanic
Deﬁned as Hispanic or non-
Hispanic
No changes or consolidation made.
Yes or no as recorded by each
data set.
Race Deﬁned as white, black, American
Indian, Paciﬁc Islander, Asian,
or unknown. If more than one
race listed, ﬁrst race was used.
Deﬁned as white, black, American
Indian, Paciﬁc Islander, Asian,
or unknown. If more than one
race listed0, ﬁrst race was used.
Consolidated to a dichotomous
variable: white and nonwhite.
Nonwhite includes black,
American Indian, Paciﬁc
Islander, Asian, or unknown.
Diabetes The treatment regimen of the
patient’s chronic, long-term
management
No diabetes:
- Categorized as no diabetes
if patient did not have
diagnosis or was controlled
by diet alone
Diabetes:
- Noninsulin: requiring therapy
with a noninsulin antidiabetic
agent
- Insulin: requiring daily insu-
lin therapy
No diabetes
Diabetes:
- Diet: controlled with diet
regimen alone and not
requiring any oral medica-
tion or insulin
- Noninsulin medications: oral
medications and noninsulin
injections
- Insulin: requires use of
injectable insulin
Stratiﬁed into three categories
NSQIP: No, if no diabetes or
controlled with diet; oral if
controlled with oral medications,
and insulin if controlled with
insulin regimen.
VQI is categorized as no if no
diabetes; oral if controlled with
diet or oral medications, and
insulin if controlled with insulin.
Smoking If the patient has smoked cigarettes
in the year prior to admission
for surgery
Patients who smoke cigars or pipes
or use chewing tobacco are not
included
No smoking
Prior: quit smoking >1 year ago
Current: still smoking within last
12 months; includes cigarettes,
pipe, cigar, smokeless, chewing
tobacco
No changes or consolidation made
for current smoking. Yes or no
as recorded by each data set.
CHF New diagnosis of CHF or chronic
CHF with new onset of
symptoms within 30 days of
surgery
Categorized as follows:
- Asymptomatic
- Mild limitation of physical
activity
- Moderate limitation of
physical activity
- Severe or inability to carry
out any activity without
discomfort
Consolidated to a dichotomous
variable
VQI is yes for all levels of disease
burden and no if nonexistent.
NSQIP is yes or no as recorded by
data set.
COPD No COPD
History of COPD or bronchitis per
patient or medical record
resulting in one or more of the
following:
- Functional disability form
COPD
- Hospitalization for COPD
- Requires chronic bronchodi-
lator therapy
- FEV1 <75% on pulmonary
function testing
- Patients with asthma,
diffuse interstitial ﬁbrosis,
or sarcoidosis were not
included.
No COPD
COPD:
- Not treated with medication
- COPD treated with bron-
chodilator or steroid
medications
Consolidated to a dichotomous
variable
NSQIP is deﬁned as yes or no as
recorded by data set.
VQI is yes for all levels of disease
burden and no if nonexistent.
(Continued on next page)
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NSQIP VQI
Deﬁnition used for
NSQIP and VQI variables
Hypertension As documented in patient’s medical
record and requiring medical
treatment within 30 days before
operative procedure or at time
of consideration for surgery
As documented in history or
preoperative blood pressure of
>140/90 mm Hg
No changes or consolidation made.
Yes or no as recorded by each
data set.
Dialysis Acute or chronic renal failure
requiring treatment with
peritoneal dialysis,
hemodialysis, hemoﬁltration,
hemodiaﬁltration, or
ultraﬁltration within 2 weeks
before operative procedure
Current treatment with
hemodialysis or peritoneal
dialysis
Patients with history of functioning
kidney transplant separately
included in this category.
Consolidated to a dichotomous
variable
Categorized as yes if receiving
dialysis in either VQI or NSQIP.
Patients with history of functioning
kidney transplant as deﬁned by
VQI stratiﬁed to no-dialysis
category.
ASA class The ASA physical status
classiﬁcation of the patient’s
present physical condition on a
scale of 1 to 5 as it appears on the
anesthesia record. Report the
most recent assessment.
ASA 1 e Normal healthy
patient
ASA 2 e Patient with mild
systemic disease
ASA 3 e Patient with severe
systemic disease
ASA 4 e Patient with severe
systemic disease that is a con-
stant threat to life
ASA 5 e Moribund patient
who is not expected to survive
without the operation
The ASA physical status
classiﬁcation of the patient’s
present physical condition on a
scale of 1 to 5 as it appears on the
anesthesia record.
ASA 1 e Normal healthy
patient
ASA 2 e Patient with mild
systemic disease
ASA 3 e Patient with severe
systemic disease
ASA 4 e Patient with severe
systemic disease that is a con-
stant threat to life
ASA 5 e Moribund patient
who is not expected to survive
without the operation
No changes or consolidation made.
Results as recorded by NSQIP
and VQI data set.
Postoperative
variables
Mortality Death during operation or
postoperative death within
30 days of procedure
Mortality during the inpatient
period
Same deﬁnition in both VQI and
NSQIP.
MI An acute MI during or within
30 days of surgery, deﬁned as:
- Electrocardiographic changes
with additional ﬁnding of ST
elevation, new left bundle
branch block, new Q wave in
more than two leads
- New elevation of troponins
greater than three times up-
per level of reference
- Physician diagnosis of MI
No MI
Troponin elevation only without
creatine kinase MB elevation and
without other clinical evidence of
MI
Electrocardiographic changes or
clinical evidence of MI in
conjunction with any
abnormality of cardiac biomarker
consistent with infarction
Consolidated to a dichotomous
variable
Categorized as yes or no if criteria
met in either NSQIP or VQI as
deﬁned by variable deﬁnition for
data set.
Pulmonary
complication
Pneumonia within 30 days of
surgery as diagnosed on chest
radiologic examination and
clinical symptoms
Unplanned intubation separately
deﬁned as placement of
endotracheal tube or laryngeal
mask airway that was not intended
or planned
Pneumonia deﬁned as lobar
inﬁltrate on chest radiograph
and growth of recognized
pathogen
Ventilator deﬁned as need for
reintubation and ventilator
dependence after initial
extubation postoperatively
Consolidated to a
dichotomous
variable
Categorized as yes or no if criteria
met in either NSQIP or VQI as
deﬁned by variable deﬁnition for
pneumonia or reintubation.
Change in
renal
function
Progressive renal insufﬁciency
deﬁned as creatinine increase of
>2 mg/dL from preoperative
value within 30 days of surgery
Acute renal failure deﬁned as need
for dialysis within 30 days of
surgery
New increase in creatinine of
0.5 mg/dL
New dialysis includes peritoneal
dialysis, hemodialysis, or
hemoﬁltration.
Consolidated to a dichotomous
variable
Deﬁned as yes if any of the criteria
for progressive renal insufﬁciency
or acute renal failure as deﬁned
by NSQIP and VQI.
(Continued on next page)
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NSQIP VQI
Deﬁnition used for
NSQIP and VQI variables
Return to OR Unplanned return to the OR for a
surgical procedure within the
30-day postoperative period
Unplanned return to the OR for a
surgical procedure
No changes or consolidation made.
Yes or no as recorded by each
data set.
Wound
infection
Classiﬁed as superﬁcial incisional
SSI, deep incisional SSI, organ/
space SSI, or wound disruption if
event occurs within 30 days of
procedure
Any wound site infection that was
culture positive or required
antibiotic treatment
Consolidated to a dichotomous
variable
Categorized as yes or no if criteria
met in either NSQIP or VQI as
deﬁned by variable deﬁnition for
data set.
ASA, American Society of Anesthesiologists; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in
the ﬁrst second of expiration; MI, myocardial infarction; OR, operating room; SSI, surgical site infection.
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